Beta
R E S E A R C H

Indian Equity Market
This paper is an attempt in analysing time-scale dependence of systematic risk of stocks for an emerging market economy. Financial markets all over the world are characterized by heterogeneous investors. For example, different investors have different time horizons of investment which in turn is highly related to perception of risk of different investors in holding these stocks. Also, in emerging market economies, economic conditions are very fluid. Not only new firms are joining the market but existing firms themselves are changing rapidly; they are expanding into new markets, and at times with different products. Therefore, assuming that the risk in holding a firm's stock will be constant over a longer period is rather a restrictive assumption. Also, Indian equity markets are one of the most dynamic equity markets in the world today.
The last decade has been the most eventful period for the Indian securities market.
Resource mobilization in the primary market has increased dramatically, rising sixfold between 2000 and 2010 (NSE, 2010 , which is having a very significant impact on the risk-return trade-off in the secondary market. Market capitalization has grown substantially over the period indicating that not only more companies are using the stock markets for resource mobilization today but overall market participation has also increased considerably.
This paper tests for time-scale stability of beta of different trading stocks in the Indian equity market, using wavelet filters following Gencay et al (2002; 2005) and Fernandez (2006) and finds considerable instability in beta estimates. Based on this analysis, time-scale dependent beta estimates are provided for all the stocks under consideration.
Time-scale dependent estimates of systematic risk embedded in different stocks will provide considerable information to practitioners in terms of benefits of diversification while constructing different portfolios using different stocks traded in Indian equity markets. Essentially, with the tools explained in this paper, practitioners will be able to incorporate their horizons of investment while planning for portfolio diversification. Also, the results emphasize the importance of a hedging strategy that varies over different time horizons of investments over a strategy where the hedge ratio is invariant to different time horizons.
T ime scales of measurement are closely related with the investment horizon of different classes of investors. Most of the financial markets are characterized by heterogeneous investors, with different investment horizons. There are intraday traders, who carry out trade only within a given trading day. Then, there are traders with relatively shorter or longer horizons of investment. Consistent with their trading horizons, the behaviour of different trading class varies and may have different risk perceptions.
Secondly, in such a heterogeneous market, a low frequency or a systematic shock to the system penetrates through all the layers. The high frequency shock would be short-lived and may have no impact out of immediate time span but a systematic shock may have long lasting impact on the performance of the market. The varied response to the different disturbances and the heterogeneous structure of the market is intimately related to the risk-return trade-off, central to the portfolio allocation and pricing of different financial instruments.
Also, in emerging markets, conditions themselves are very fluid; today's leading firm may well be tomorrow's follower or vice-versa. New firms are joining the market and even firms themselves are changing quite rapidly; they are expanding into new markets, and at times with different products. Therefore, assuming that the risk in holding a firm's stock will be constant over a longer period, especially in case of an emerging market economy, would rather be a restrictive assumption. This paper discusses the time scale dependence of betas of different trading stocks listed in the Indian equity markets -one of the most dynamic equity markets in the world today. The last decade has been the most eventful period for the Indian securities market during which it took major strides. Resource mobilization in the primary market increased dramatically, rising six-fold between 2000 and 2010 (NSE, 2010 , which had a very significant impact on the risk-return trade-off in the secondary market. Market capitalization also grew substantially over the period indicating that not only more companies were using the stock exchanges for resource mobilization but there was considerable increase even in the overall market participation. The Beta
For the sake of completeness, to provide a definition of beta, here a heuristic description of the capital Asset Pricing Model (CAPM) has been preset. Let us assume that an individual plans to invest part of his wealth in a risk-free asset and the remaining part in a risky asset. Let r f be the expected returns to the risk-free asset and r m be the expected excess return to a portfolio of risky assets over r f . Now, suppose r i is the expected excess return to the asset i over r f , then CAPM may be written in a form that is known as the single index market model:
Here, a i represents that component of the return to asset i that is independent of the return r m to the market portfolio. Part of it is determined by the risk-free rate of return r f , but the other part may be thought of as a purely random phenomenon.
It is thus helpful to rewrite (1.1) as
β i cannot be observed but may be estimated using ordinary least square (OLS), defined as (1.3)
In the above description, which follows the Sharpe-Linter version of the CAPM, it has been assumed that a risk-free asset exists in the economy with a sure return of r f . If there is no risk-free asset, Black (1972) showed that it is still possible to derive the CAPM. The following model is known as the Black's version of the CAPM.
( 1.4) where, r im is the return on a zero-beta portfolio, which is defined as the minimum variance portfolio among all portfolios uncorrelated with m.
TIME SCALE DEPENDENCE OF BETA
There are several plausible reasons (Shah & Moonis, 2003) , apart from the ones listed earlier (different investment horizon of investors, varied response to different shocks, and inherent nature of emerging market economies) which suggest that beta may be time varying:
• Beta is linked to the leverage of the firm. It can be shown that the systematic risk of a stock can be split into two components -operational risk and financial risk. Financial risk is a function of the leverage of the firm (Hamada, 1972; Mandelker & Rhee, 1984) . Since leverage can change with changes in stock prices, stock price movement can generate changes in beta.
• Any news that does not affect market and stock returns uniformly, will change the correlation between the stock and market returns and hence the beta of the stock (Rosenberg & Guy (1976) ).
• There is considerable evidence that stock and index returns have time-varying second moments (Bollerslev et al., 1992) . By the definition of beta, time-variation in second moments of returns can generate time-variation in beta.
• Beta is found to be correlated positively with growth, leverage, and earning variability of the firm and negatively with liquidity and size of the firm (Beaver et al., 1970) . This also induces time variation in beta.
• One reason suggested (Alexander & Chervany, 1980, p.128 ) for beta instability is measurement error -theoretical beta relates ex ante expectations while estimated beta relates ex post observations. Scott and Brown (1980) claim that this type of error combined with auto correlation in the residuals would result in unstable estimates.
• Another reason for beta instability could be that market reacts differently during bull and bear periods (bull period is characterized by a sustained rise in the stock prices signifying persistent demand for the stocks. In the bear period, there is a sustained fall in the stock prices). This would yield different betas for different periods even if the beta coefficient had a stable bull and bear value (Kon & Jen, 1978; 1979) .
Country-specific studies providing evidence that betas are time-varying in different economies include Fabozzi and Francis (1978) , Bos and Newbold (1984) , Jagannathan and Wang (1996) , and Groenewold and Fraser (1999) 
MODELS FOR UNSTABLE BETA ESTIMATION
If beta is unstable -which is a consensus now -then, it raises several modeling issues for the estimation of beta. It has often been modeled either as mean-reverting, random coefficient or random walk beta (Schaefer, 1975; Wells, 1996; Shah & Moonis (2003) . But these specifications pose the problems related with the estimation of beta. Beta is an unobservable variable. If it is assumed to have different betas for each point in time, then OLS, which is a standard method of estimating constant beta, cannot be used for estimation as there is only one observation for each point in time. One of the most widely used method to estimate beta as a time series process is the Kalman Filter (Kalman, 1960) . It has been applied for the estimation of betas and tests for beta constancy in a number of studies (Kantor, 1971; Fisher, 1971; Szeto, 1973; Rosenberg, 1973; Garbade & aRentzler, 1981; Ohlson & Rosenberg, 1982; Bos & Newbold, 1984; Collins et al., 1987; Fisher & Kamin, 1985; Shah & Moonis, 2003) . The Kalman Filter allows beta to be estimated as a time-varying stochastic process. However, as is evident, the standard Kalman filter estimates the market model under the assumption of homoscedastic normally distributed errors. If the assumption of normality of market model errors is not valid, then the results from the Kalman filter methodology are suspect. There exists compelling empirical evidence against homoscedasticity and normality of financial returns. Financial returns are known to show volatility clustering and temporal dependence in the second moments which may result in conditional or unconditional nonnormality (Bollerslev, 1986; Bollerselv et al., 1992) . To the extent the portfolio returns show volatility clustering and are non-normal, the Gaussian Kalman filter is misspecified and the results for tests of beta stability are suspect (Shah & Moonis, 2003) .
A totally alternative approach based on wavelet analysis, which takes time-scale dependence explicitly into account has been suggested by Gencay et al (2002; 2005) and Fernandez (2006) . This method allows for a timescale decomposition of financial data and provides a natural method on which to investigate the time horizon dependence of the beta behaviour.
Wavelet-based Beta Estimation
An important characteristic of the wavelet transform is its ability to decompose the variance of a time series. If one believes that the process under study is composed of simple processes that move across different time scales, this falls into the wavelet variance framework.
Let be a jth level MODWT (Maximum Overlap Discrete Wavelet Transform 2 ) wavelet filter associated with scale λ j = 2 j-1 , where
, is the width of the filter. Let X t be a real valued stochastic process with variance and let be the MODWT-wavelet coefficient at level j. Then wavelet variance for scale λ j =2 j-1 , is defined as where, 1 is the number of coefficients unaffected by the boundary conditions.
Similarly, the unbiased MODWT estimator of the wavelet covariance for scale λ j =2 j-1 ,can be obtained as
( 1.8) In the CAPM, following (1.3), (1.7), and (1.8), a time-scale dependent beta estimator for asset i at the scale λ j =2 j-1 , can be defined as (1.9)
EMPIRICAL ANALYSIS
The data set consists of all the constituent stocks of the NIFTY index as on March 31, 2010. Table 1 provides the list of all these companies. The period of analysis is from June 15, 2001 to March 31, 2010 to account for the most dynamic decade in the Indian equity market's history. For the companies, which were listed after June 15, 2001, the data has been taken from the date it has been first made available. The risk-free rate of return is proxied by the overnight FIMMDA-NSE-MIBOR on which daily data is available.
Since daily data is employed in the analysis, wavelet scales are such that scale 1 is associated with 2-4 days dynamics, scale 2 with 4-8 day dynamics, scale 3 with 8-16 days dynamics, scale 4 with 16-32 days dynamics, scale 5 with 32-64 days dynamics, scale 6 with 64-128 days dynamics, and scale 7 with 128-256 days dynamics, which is roughly of about one year.
A Test for Beta Stability
As has been already explained, the initial hypothesis is that heterogeneous nature of investors, varied response of the market to different shocks, and inherent nature of emerging market economies, apart from other plausible reasons listed earlier, will induce instability in the beta estimates. Therefore, the study first tests for the stability of beta following Yamada (2005) . Let r i,t and r m,t be the excess returns on the individual stock and market portfolio respectively. Then, β i is estimated by the OLS estimation of the following equation:
Following wavelet filters, the market returns series can be decomposed into two series, one representing the short periodicities (corresponding to scale j) and other the long periodicities.
(1.11)
Now, the following model is estimated,
where, is corresponding to the series representing short periodicities and is corresponding to the series representing the long periodicities. The stability of β at the scale j can be tested by F-test of the following null hypothesis, (1.13)
EMPIRICAL RESULTS Figure 1 shows the time series plots of the excess returns on the NIFTY index series as well as on its different constituent stocks. Figure 2 shows the decomposition of the excess returns on the NIFTY series according to different time scales of measurement. These results confirm that β estimates for different trading stocks in the Indian equity markets show considerable instability. These results suggest that the perception of risk in holding any particular stock varies with the horizon of investment. Also, in emerging markets, conditions are very fluid and firms themselves are changing rapidly but a priori, it is difficult to ascertain whether β for any particular stock at any particular time-scale would be unstable or not, as it has been demonstrated by several firms showing considerable stability in their β estimates. Therefore, it is prudent that instead of relying on a single OLS β for the entire period, betas must be calculated taking into account different horizons of investment. Therefore in Table 4 , the values of time-scale dependent betas are provided, which have been estimated following equation (1.9).
CONCLUSIONS
The results of this study show that in the Indian equity markets, different trading stocks exhibit considerable instability in their beta estimates as far as different investment horizons are concerned.
It has been argued that financial markets are characterized by heterogeneous investors, with different investment horizons. Consistent with the time horizon of investment, the perception of risk, in holding different stocks by different trading classes varies. It is also argued that in emerging market economies, conditions are very fluid; today's leading firm may well be tomorrow's follower or vice-versa. Moreover, firms themselves are changing: they are expanding into new markets, at times with different products. Therefore, the assumption that the risk in holding a firm's stock will be constant over a longer period, especially in the case of an emerging market economy, is restrictive. The stability of beta estimates of different trading stocks in the Indian equity markets was tested during the period 2001-2010. Considerable instability was found in beta estimates of different stocks across different horizons of investment during this period. Timescale dependent beta estimates for all these stocks were also provided.
The results have important implications for practitioners who are planning portfolio diversification, or constructing different strategies for hedging risk in the Indian equity markets.
Time-scale dependent estimates of systematic risk embedded in different stocks will provide considerable information to practitioners in terms of benefits of diversification while constructing different portfolios using different stocks traded in the Indian equity markets. As has been shown in Figure 3 , the results show that conventional OLS estimates of beta underestimates the extent of systematic risk embedded in some stocks, thus overstating the potential gains from diversification whereas for some other stocks, conventional OLS estimates of beta overstates the extent of systematic risk embedded, thus underestimating the potential gains from diversification. Essentially, with the tools explained in this paper, practitioners will be able to incorporate their horizons of investment while planning for portfolio diversification.
Also, the results emphasize the importance of a hedging strategy that varies for different time horizons of investments over a static strategy where the hedge ratio is invariant to different horizons of investment. The basic concept of hedging involves reduction of volatility in the value of a spot position by including futures contracts in the portfolio. Most of the empirical studies ignore the dependence of the optimal hedge ratio on the hedging horizon even though individuals and institutions, which use futures contracts for hedging purposes, do not have the same hedging horizon (Lien & Shrestha, 2007) . Note: "SP series 8 days" stands for short periodicity series corresponding to time scale of 8 days and "LP series 8 days" stands for long periodicity series corresponding to the time scale of 8 days. Similarly, for other plots corresponding to other time scales. 
Figure1: Plots of the Excess Returns on NIFTY Index and its Constituent Firms
Figure2: Scale-wise Decomposition of Excess Returns on NIFTY Index Series
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